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LEONI sets standards

The production of wires and cables is a traditional activity at LEONI
going back several decades. In fact, the first automotive wires were
manufactured in the 1930s, and LEONI has been setting standards in
this product sector for the entire industry ever since. For example,

the first ever automotive wires with reduced insulation thickness —
which LEONI developed for a manufacturer of sports cars — are now
the industry-wide standard. It would be wrong, however, to think that
we have been content to rest on our laurels. New production start-ups
in Hungary, Poland, Mexico and China plus selective company take-
overs have turned LEONI into the world’s biggest and most successful
producer of wires for automotive applications.

Our product engineers not only have considerable know-how in the
full range of automobile-related applications but are also highly expe-
rienced in the production of cables and in the solving of even the most
difficult cabling problems. Our customers know this and appreciate it.

LEONI is your partner for:

m (Consulting on product optimization

m Development of system solutions

m Development of prototypes and series

m | aboratory, testing and RF instrumentation

This current catalogue provides a comprehensive overview of our
standard range of practice-proven automotive wire products.

If you fail to find the wire you need, please let us know. We will be glad
to make it to your specifications.

Your “Automotive & Standard Cables” Team.

There is tradition and
a future in expertise.
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Top names place their
trust in LEONI

Some of our customers
Audi
BMW
Bosch
Continental Teves
DaimlerChrysler
Delphi
Fiat
Ford
General Motors e
JAH
Lear
MAN
Porsche
PSA
Renault
Siemens VDO
Sumitomo
Volkswagen Group
Yazaki
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Elongation
at break

DIN 53504

%
>150
>150
>150
>300
>300
>200
>200
>200
>200
>200
>100

%
>400
>400
>300
>200
>400
>300

%
>150
>150
>200
>200

Service Temperatures

Tempera-
ture
index™*

DINISO
2578

°C/3000 hrs
105%
105
125
90
105
210
180
125
125
260
150

°C/3000 hrs
125
90
150
125
90
125

°C/3000 hrs
140
105
125
125

Thermal
overload
capacity

150 6722

°C/48 hrs

110/125*
110
140
100
140
260
230
150
150
290
160

°C/48 hrs
150
150
180
150
120
150

°C/48 hrs
180
140
150
150

Cold
winding
test

150 6722

°C
-25/-40%
-50
-25/-40*

—40
-50
—65
—65
—40
—40
-80
-30

°C
-40
-40
-40
-40
-50
—40

°C
-40
-40
-40
-40

Specific
volume
resistance

DIN 53482

Q-m
>10"
>10"
>10"
>10'
>10"
>10"
>10"
>10%
>10M
>10"
>10™

Q-cm
>10°
>10°
>10°
>10"
>10"
>10™

Q-cm
>10"
>10"
>10M
>10M

Dielectric
strength

DIN 53481

kV/mm
>10
>10
>10
>30
>10
>30
>30
>30
>20
>30
>30

kV/mm
>10
>10
>10
>10
>10
>20

kV/mm
>10
>10
>20
>10

Abrasion

++
++
++

++

Flame
retardation

1S0 6722

Excellent
Good
Fair
Poor

Resistance to

oil Fuels Brake fluid
150 6722
+ + -
+ + -
+ + -
+-* —-
++ ++ +
++ ++ ++
++ ++ ++
+ _
+ + -
++ ++ ++
++ ++ ++
++ ++ +
++ ++ +
++ ++ +
+ +
++ ++ +
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% depends on recipe, as required

Acids/
Alkalines

+ o+

+ + o+

*% criterion: residual elongation at break > 50 %

Organic
agents

+ + o+
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Conductor materials

Extract from EN 13602 — copper and copper alloys — raw wire made of copper

Symbol Material Composition Density Melting % IACS
number point min.
in % by weight g/m?
Oxygenic copper
Cu-ETP1 CW003 A Cu=9990 89 1083 °C 101
(E-Cu) Oxygen
max. 0.040

Oxygen-free copper, non-deoxidized
Cu-OF1 CW 007 A Cu99.95 89 1083 °C 101
(OF-Cu)

International Annealed Copper Standard = IACS
Flectrical conductivity of copper = min. 58 m/Qmm? = 100 % IACS

Most of our conductor material is copper (Cu). For the production of
our wires we mainly use Cu-ETP1 (oxygenic copper) and Cu-OF 1
oxygen-free copper for special applications (e. g. hydrogen resistance).
In addition to pure copper we also process a variety of copper alloys
for special applications.

Notes on properties and use

Oxygenic (tough-pitch) copper with an
electrical conductivity in the soft state of
>58.58 m/Qmm?at 20 °C.

High-purity copper, largely free of ele-
ments that evaporate in vacuum, with

an electrical conductivity in the soft state
>58.58 m/Qmm? at 20 °C.

Intermediate material meeting high require-
ments on hydrogen resistance; welding and
hard soldering capability.

For vacuum systems and electronics.




Conductorand
Insulation materials

Galvanic coatings: The metal materials used for galvanically refined copper wires are tin, silver or nickel, depending on the requirements.

Tin Silver Nickel
Designation Tin 99.90 Designation Fine silver 99.97 Designation Nickel 99.90
Density 7.29 g/cm? Density 10.5 g/cm? Density 8.9 g/cm?
Melting point 232°C Melting point 960 °C Melting point 1450 °C
Symbol Sn Symbol Ag Symbol Ni

Criteria for use
m Good solderability = High temperature resistance = High resistance to corrosion and

m Effective protection against corrosion m Good surface conductivity (skin effect) temperature

Temperature limits for the use of conductor materials.
Directive CSA-C22.2 No. 210.2 assigns conductor materials to the following temperature limits:

Temperature range max. 150 °C Temperature range max. 200 °C Temperature range max. 250 °C
= Bare and tin-plated copper with single = Bare and tin-plated copper with m Nickel-plated copper
wire @ <0.38 mm single wire @ =0.38 mm m Silver-plated alloys of cadmium-
m Copper-plated steel wire (e.g. Staku) m Copper-plated steel wire (e.g. Staku) chrome-copper
with single wire @ <0.38 m with single wire @ 2038 m = Nickel-plated steel wires
bare and tin-plated = Pure nickel wires for flexible
= Silver-plated copper applications and nickel alloys

= Copper alloy

LEONI 15



Standards

Overview of standards

Abbreviations:

Global Standards

IS0 6722
LV112 + 212

PSA

PSA

FLRY IR
FLRY ID
FLRYW IR
FLRYW ID

SAEJ 1128
TWP
GPT
HDT
TXL
GXL
SXL
TWE
GTE
HTE

JASO D 609-90
AV

AVS

AVSS

AVSSf

CAVS

AVX
AEX

Peugeot, Citroén

96 418794 99

Automotive standard cable with reduced insulation

Automotive standard cable with diminished insulation

Automotive standard cable heat-resistant with reduced insulation
Automotive standard cable heat-resistant with diminished insulation

Engineering Society for advancing mobility Land, Sea, Air and Space
Thin wall, thermoplastic insulated

General purpose, thermoplastic insulated

Heavy duty, thermoplastic insulated

Thin wall, cross (X) linked polyolefin insulated

General purpose, cross (X) linked polyolefin insulated

Special purpose, cross (X) linked polyolefin insulated

Thin wall, thermoplastic elastomer insulated

General purpose, thermoplastic elastomer insulated

Heavy duty, thermoplastic elastomer insulated

Japanese Automobile Standard

Vinylinsulated low tension electric cable for automobiles

Low tension cable with reduced outside diameter for automobiles, general wall thickness

Low tension cable with reduced outside diameter for automobiles, thin wall thickness

Low tension cable with reduced outside diameter for automobiles, thin wall thickness, high flexibility
Construction of conductors pressed in circular shape,

low tension cable with reduced outside diameter for automobiles, general wall thickness

Crosslinked vinyl heat-resistant low-tension cable for automobiles

Crosslinked polyethylene heat-restistant low-tension cable for automobiles

Customer Standards

FIAT
VW

91107/17 4+ 91107/18
60306
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Single-core
cables

unshielded

PVC automotive cable

Temperature range:

-40 °C to +105 °C Gooohrs
Construction / Materials Special properties
Conductor Conductors with cross-sections > 6 mm? are also suitable as battery

Soft-annealed electrolytic copper Cu-ETP1 according to DIN EN 13602,  cables.
bare. Conductor construction according to IS0 6722.

Insulation Standards and specifications
Plasticized PVC with properties according to IS0 6722, Class B, LV 112
lead free. BMW 95007-2
VW 60306
Conductor construction Insulation Cable
Nominal No. of Diameter of Diameter of Electrical Wall 0.D. Weight
cross-section strands* single wire conductor resistance thickness
at20°C min. max.
mm? mm mm mQ/m mm mm mm kg/km
0.5 16 0.21 1.0 371 0.6 2.0 2.3 9
0.75 24 0.21 1.2 24.7 0.6 22 25 12
1 32 0.21 1.35 18.5 0.6 24 27 15
15 30 0.26 17 127 0.6 2.7 3.0 20
2 40 0.26 20 942 0.6 29 33 26
2.5 50 0.26 2.2 7.6 0.7 33 3.6 32
3 60 0.26 24 6.15 0.7 35 39 38
4 56 0.31 2.75 471 0.8 4.0 44 49
6 84 0.31 33 3.14 0.8 46 5.0 69
10 80 041 45 1.82 1.0 6.0 6.5 113
16 126 0.41 6.3 1.16 1.0 7.0 83 181
25 196 0.41 7.8 0.743 13 8.7 10.2 288
35 276 041 9.0 0.527 13 10.0 10.7 361
50 400 041 10.5 0.368 15 11.9 13.0 521
70 560 0.4 12.5 0.259 1.5 14.0 15.0 716
95 740 0.41 14.8 0.196 1.6 154 16.2 918
120 960 0.41 16.5 0.153 1.6 18.7 19.7 1220

3 ; 4o 2
18 LEONI Nominal value, tolerance of number of strands: + 5 % (= 6.0 mm?)



Single-core
cables

unshielded

PVC automotive cable
hot-pressure resistant

Temperature range:

—-40 °C to +125 °C zo00hrs)

Construction / Materials Special properties

Conductor Hot-pressure resistant test at 120 °C. Suitable for applications inside
Soft-annealed electrolytic copper Cu-ETP1 according to DIN EN 13602, the engine compartment.

bare. Conductor construction according to 1SO 6722.

Insulation Standards and specifications
Plasticized PVC with properties according to 1SO 6722, Class B, Bosch 5998 341...
lead free.
Conductor construction Insulation Cable
Nominal No. of Diameter of Diameter of Electrical Wall 0.D. Weight
cross-section strands® single wire conductor resistance thickness
at 20 °C
max. max. max. nom. min. max. approx.
mm? mm mm mQ/m mm mm mm kg/km
0.5 16 0.21 1.0 371 0.6 20 23 8
0.75 24 0.21 1.2 247 0.6 2.2 25 1
1 32 0.21 1.35 18.5 0.6 24 2.7 14
15 30 0.26 1.7 12.7 0.6 2.7 3.0 19
2 40 0.26 20 942 0.6 29 3.2 25
2.5 50 0.26 2.2 7.6 0.7 33 3.7 31
3 60 0.26 25 6.0 0.7 35 39 37
4 56 0.31 2.75 471 0.8 4.0 44 47
6 84 0.31 33 314 0.8 46 5.0 68
10 80 041 45 1.82 1.0 6.0 6.5 m
16 126 041 6.3 116 1.0 75 8.1 179
25 196 0.41 7.8 0.743 1.2 9.5 10.2 278

* Nominal value, tolerance of number of strands: + 5 % (> 6.0 mm?) LEONI 19



Single-core
cables

unshielded

PVC automotive cable
cold-resistant with increased flexibility

: J Temperature range:

=50 °C to +105 °C 3000 hrs)

Construction / Materials Special properties

Conductor Cold bending test according to 150 6722 at =50 °C.
Soft-annealed electrolytic copper Cu-ETP1 according to DIN EN 13602, Short-term and long-term ageing according to 1SO 6722, Class B.
bare. Conductor construction according to ISO 6722.

Insulation
Plasticized PVC with properties according to 1SO 6722, Class B,
lead free.
Conductor construction Insulation Cable
Nominal No. of Diameter of Diameter of Electrical Wall 0.D. Weight
cross-section strands single wire conductor resistance thickness
at20°C
max. max. max. nom. min. max. approx.
mm? mm mm mQ/m mm mm mm kg/km
05 28 0.16 1.1 377 0.6 20 23 9
0.75 42 0.16 1.3 25. 0.6 22 2.5 12
1 57 0.16 1.5 18.8 0.6 24 2.7 15
1.5 84 0.16 1.8 12.7 0.6 27 3.0 20
25 140 0.16 23 7.54 0.7 35 3.9 32
4 1015 0.08 33 471 0.8 45 49 53
6 1543 0.08 4.2 3.14 0.8 53 6.0 76
10 2510 0.08 5.2 1.85 1.0 6.7 73 124
16 4033 0.08 6.7 116 1.0 8.2 8.8 198
25 3169 on 8.0 0.743 1.2 9.9 10.5 298

20 LEONI



FLYWK / FLRYWK

unshielded

PVC automotive cable
heat- and cold-resistant

Temperature range:

=50 °C to +105 °C 3000 hrs)

Construction / Materials Special properties

Conductor Cold bending test according to 150 6722 at =50 °C.
Soft-annealed electrolytic copper Cu-ETP1 according to DIN EN 13602, Short-term and long-term ageing according to 1SO 6722, Class B.
bare. Conductor construction according to DIN 46438 or customers'’

request. Standards and specifications

Insulation Bosch 5998 342....

Plasticized PVC, heat- and cold-resistant, lead free.

Conductor construction® Insulation Cable
Nominal No. of Diameter of Diameter of Electrical Wall 0.D. Weight
cross-section strands single wire conductor resistance thickness
at 20 °C
max. max. max. nom. min. max. approx.
mm? mm mm mQ/m mm mm mm kg/km
0.5 16 0.21 1.0 371 0.28 14 1.6 6
0.75 24 0.21 1.2 24.7 0.6 2.2 2.5 9
1 32 0.21 14 18.5 0.3 1.8 2.1 12
1.5 30 0.26 1.7 127 0.3 2.2 24 16
2.5 50 0.26 21 7.6 0.7 33 37 30

* More cross-sections and strand constructions on request. LEONI 21



o FLRY-A

unshielded

PVC automotive cable
with concentric conductor (Type A)
and thin wall insulation

Temperature range:

—-40 °C to +105 °C 000hrs)

Construction / Materials Standards and specifications
Conductor BMW GS 95007-1

Soft-annealed electrolytic copper Cu-ETP1 according to DIN EN 13602, VW 60306

bare or tinned. Conductor construction according to IS0 6722 (concen- ~ DBL 6312 / MB 22014

tric construction). Ford WSK 1A348-A2
Insulation Lv 112
Plasticized PVC with properties according to IS0 6722, Class B. MAN 3135
BOSCH 5998 340
FIAT 91107/13
FIAT 91107/18
Conductor construction Insulation Cable
Nominal No. of Diameter of Diameter of Electrical resistance Wall 0.D. Weight
cross- strands single conductor at 20 °C thickness
section wire
bare/tinned bare/tinned Limit
max. max. min. max. min. tolerance approx.
mm? mm mm mQ/m mQ/m mm mm mm kg/km
0.22 7 0.21 0.7 779/ - 84.8/86.5 0.20 1.2 -0.1 3.1
0.35% 7 0.26 0.8 478 /- 52.0/545 0.20 13 -0.1 4.5
0.5 19 0.19 1.0 341/ - 371/38.2 0.22 1.6 -0.2 6.6
0.75 19 0.23 1.2 22.7 /- 247 /254 0.24 19 -0.2 9
1 19 0.26 1.35 170/ - 18.5/19.1 0.24 2.1 -0.2 "
1.5 19 0.32 1.7 1n7/- 12.7/13.0 0.24 24 -0.2 16
2 19 037 20 8.66/— 9.42/9.69 0.28 2.8 -0.3 22
2.5 19 0.41 22 70/ - 76/78 0.28 3.0 -0.3 26
22 LEONI * This cross-section with tinned stranded conductor is

suitable for use with insulation displacement connectors.



FLRY-B

unshielded

PVC automotive cable
with conductor (Type B)
and thin wall insulation

Temperature range:

—-40 °C to +105 °C zo00hrs)

Construction / Materials Standards and specifications
Conductor BMW GS 95007-1
Soft-annealed electrolytic copper Cu-ETP1 according to DIN EN 13602, VW 60306
bare or tinned. Conductor construction according to IS0 6722. DBL 6312 / MB 22014
Insulation Ford WSK 1A348-A2
Plasticized PVC with properties according to 1SO 6722, Class B, LV 112
lead free. MAN 3135
BOSCH 5998 340
FIAT 91107/13
FIAT 91107/18
Conductor construction Insulation Cable
Nominal No. of Diameter of Diameter of Electrical resistance Wall 0.D. Weight
cross- strands® single conductor at20°C thickness
section wire
bare/tinned bare/tinned Limit
max. max. min. max. min. tolerance approx.
mm? mm mm mQ/m mQ/m mm mm mm kg/km
0.35 12 0.21 09 478/ - 52.0/54.5 0.20 14 -0.2 4.5
0.5 16 0.21 1.0 341/ - 37.1/38.2 0.22 1.6 -0.2 6.6
0.75 24 0.21 1.2 22.7/- 247 /254 0.24 19 -0.2 9
1 32 0.21 1.35 170/ - 18.5/19.1 0.24 2.1 -0.2 n
1.5 30 0.26 1.7 n7/- 12.7/13.0 0.24 24 -0.2 16
2 30 0.31 2.0 86/- 9.42/9.69 0.28 2.8 -03 225
25 50 0.26 22 70/ - 76/78 0.28 3.0 -03 26
3 45 0.31 24 58/- 6.15/6.36 0.28 3.2 -03 335
4 56 0.31 2.75 432/ - 47/4.8 0.32 37 -0.3 42
6 84 0.31 33 285/ - 31/32 0.32 43 -03 61
10 80 0.41 45 -/- 1.82/1.85 0.48 6.0 -0.6 108
16 126 0.4 6.3 -/- 116/1.18 0.52 79 -0.6 170
25 196 0.4 7.8 -/- 0.743 /0.757 0.52 94 -0.38 265

x f . 2
Nominal value, tolerance of number of strands: + 5 % (= 6.0 mm?). LEONI 23



“oo FLRYW

unshielded

Construction / Materials

Conductor

Soft-annealed electrolytic copper Cu-ETP1 according to DIN EN 13602,
bare or tinned. Conductor construction according to IS0 6722.

PVC automotive cable
hot-pressure resistant
with thin wall insulation

Temperature range:

—-40 °C to +125 °C zooohrs)

Special properties
Hot-pressure resistant test at 120 °C. Suitable for applications inside
the engine compartment.

Insulation Standards and Specifications
Plasticized PVC with properties according to 1SO 6722, Class C, DBL 6312
lead free.
Conductor construction Insulation Cable
Nominal No. of Diameterof  Diameter of Electrical resistance Wall 0.D. Weight
cross- strands® single wire conductor at20°C thickness
section
bare/tinned bare/tinned Limit
max. max. min. max. min. tolerance approx.
mm? mm mm mQ/m mQ/m mm mm mm kg/km
0.35 7 0.26 0.8 478/ - 520/545 0.20 14 -0.1 4.5
0.35 12 0.21 0.9 478/ - 520/545 0.20 14 -0.2 4.5
0.5 16 0.21 1.0 341/ - 37.1/38.2 0.22 1.6 -0.2 6.6
0.75 24 0.21 1.2 227/~ 2471254 0.24 19 -0.2 9
1 32 0.21 1.35 170/ - 18.5/19.1 0.24 2.1 -0.2 "
1.5 30 0.26 1.7 n7s/- 127/13.0 0.24 24 -0.2 16
2 30 0.31 1.9 -/- 9.42/9.69 0.28 2.8 -0.3 22
25 50 0.26 22 70/ - 76/78 0.28 3.0 -0.3 26
3 45 0.31 24 /- 6.15/6.36 0.28 3.2 -0.3 325
4 56 0.31 2.75 432/ - 47/48 0.32 3.7 -0.3 42
6 84 0.31 33 285/- 31/32 0.32 43 -0.3 61
10 80 0.41 45 -/- 1.82/1.85 048 6.0 -0.6 108
16 126 041 6.3 -/- 116/1.18 0.52 79 -0.6 170
25 196 041 7.8 /- 0.743 /0.757 0.52 94 -0.8 265

* Nominal value, tolerance of number of strands: + 5 % (> 6.0 mm?).



FLRY T2 IR e

unshielded

PVC automotive cable

Temperature range:

—-40 °C to +105 °C ooonrs)
Construction / Materials Standards and specifications
Conductor PSA STE 96 418 794 99 IR

Soft-annealed electrolytic copper Cu-ETP1 according to DIN EN 13602.
Conductor construction according to ISO 6722 and PSA Standard.
Insulation

Plasticized PVC with properties according to IS0 6722,

(lass B, lead free.

Conductor construction Insulation Cable
Nominal No. of Diameter of Electrical Wall 0.D. Weight
cross-section strands single wire resistance thickness
at20°C
max. nom. min. max. approx.

mm? mm mQ/m mm mm mm kg/km
0.35 7 0.26 55.9 0.22 1.25 1.40 4.7
0.5 16 0.21 371 0.28 1.40 1.70 6.7
0.75 24 0.21 247 0.3 1.70 1.90 9.1
1 32 0.21 19.5 0.3 199 215 1.7
1.5 30 0.26 12.7 0.3 2.10 240 16.2
2 37 0.26 10.0 0.35 2.50 2.80 224
2.5 50 0.26 76 0.35 2.65 3.00 274
3 45 0.31 6.06 04 3.25 3.45 364
4 56 0.31 495 0.4 3.70 3.90 472
5 70 0.31 3.94 04 3.80 4.00 52.8
6 84 0.31 3.14 04 4.20 4.50 62.6
7 105 0.31 2.72 0.48 476 5.00 82

LEONI 25



